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Introduction
============

Coronary artery disease (CAD) has become one of the major diseases that threaten human health and longevity. Therefore, e arly detection of those at high risk of CAD is critical and will enable the administration of interventional approaches such as dietary and lifestyle modifications, pharmacological therapies, and other preventative means.

Lipid metabolism plays an important role in atherosclerosis and is involved in CAD. High-density lipoprotein cholesterol (HDL-c) and low-density lipoprotein cholesterol (LDL-c) are crucial lipoproteins involved in lipid metabolism and are well-known risk factors for CAD. However, a large proportion of patients with myocardial infarction have normal concentrations of HDL-c, and pharmacological interventions demonstrate that HDL-c increases are not consistently associated with a reduction of the CAD risk^[@bib1])^. Moreover, the overlap of blood LDL-c distributions among patients with and without CAD result in false-positive and false-negative detection rates^[@bib2])^. Therefore, it is of great clinical significance to identify the novel risk factors with lipid metabolism or CAD.

Endothelial lipase (EL), hepatic lipase (HL), and lipoprotein lipase (LPL) are members of the triglyceride lipase gene subfamily and play crucial roles in pl asma lipoprotein metabolism^[@bib3]--[@bib5])^. EL is unique in its expression by endothelial cells^[@bib6])^, and is a regulator of plasma HDL-c levels^[@bib3])^. In addition, plasma EL concentration is increased in patients with metabolic syndrome and associated with coronary atherosclerosis^[@bib7])^, and plasma EL activity is associated with the risks for CAD^[@bib8])^. HL is primarily secreted by hepatocytes and to a lesser extent by the macrophage^[@bib4])^, and is mainly involved in the metabolism of LDL and HDL^[@bib9])^. It has been reported that low plasma HL activity is associated with hypertriglyceridemia and CAD^[@bib10],\ [@bib11])^. However, high serum HL concentration is associated with increased CAD risk^[@bib12])^. LPL is mainly expressed in adipose tissue, skeletal, and cardiac muscle, and catalyzes the hydrolysis of triglycerides in circulating lipoproteins^[@bib5])^. Lower LPL concentration and activity are observed in patients with metabolic syndrome or hypertriglyceridemia or CAD^[@bib11],\ [@bib13]--[@bib16])^.

These findings indicate that EL, HL, and LPL are all associated with CAD. However, whether they can all be independent risk factors simultaneously for CAD is unknown. In addition, it is suggested that combining multiple risk factors can be more accurately and efficiently quantified to identify patients at risk for CAD^[@bib17])^. Considering the fact that heparin injection is not quite standardized and accepted by patients and may also affect lipoprotein metabolism^[@bib12],\ [@bib18])^, in our study, we chose to detect the serum concentrations of lipases without heparin administration. We tested the hypothesis that serum EL, HL, and LPL concentrations would all be simultaneous independent risk factors for CAD and when combined the three lipases would provide the higher predictive power than HDL-c or LDL-c for CAD. We also studied a small subset of patients who underwent one-year follow-up angiography after percutaneous coronary intervention (PCI) with stent implantation to investigate the relationship between the three lipases and in-stent restenosis.

Methods
=======

Subjects
--------

In this study, we enrolled the patients who underwent coronary angiography (CAG) for the first time at the Shanghai JiaoTong University of Medicine, Ruijin Hospital, due to chest pain, or abnormal electrocardiogram between January 1, 2013, and December 31, 2015. The group included 86 subjects who had more than one of main coronary artery with \> 50% luminal diameter stenoses found on CAG and were diagnosed with CAD.

We also enrolled another 38 patients who underwent a one-year routine follow-up angiography after PCI with drug-eluting stent implantation at the Ruijin Hospital, between January 1, 2013, and December 31, 2015.

Healthy controls included 65 persons who had a normal electrocardiogram without abnormal findings, such as diabetes mellitus, hypertension, liver disease, or hyperlipidemias at the Shanghai JiaoTong University of Medicine, the Sixth People\'s Hospital, between January 1, 2015, and December 31, 2015.

All subjects provided written informed consent, and the study protocol was approved by the Ethics Committee of Shanghai JiaoTong University.

CAG Study
---------

CAG was performed using transfemoral or transbrachial approaches via a standard technique according to the Judkins method^[@bib19])^. To evaluate the degree of vascular stenosis, two experienced cardiologists conducted diagnoses in parallel. Narrowing of ≥ 50% in more than one of the main coronary arteries was judged as CAD.

To identify whether patients have in-stent restenosis, angiograms obtained before, and one year after PCI were reviewed and analyzed by two experienced cardiologists. Restenosis was defined as the recurrence of luminal diameter stenosis of \> 50% within the stent or in the 5-mm proximal or distal segments adjacent to the stent.

Evaluation of Risk Factors
--------------------------

Age, gender, body mass index (BMI), hypertension, diabetes mellitus, fasting blood glucose, total cholesterol, total triglyceride, LDL-c, HDL-c, serum EL concentration, serum HL concentration, and serum LPL concentration were investigated as risk factors for CAD or in-stent restenosis. Hypertension was defined as systolic blood pressure ≥ 140 mmHg and diastolic blood pressure ≥ 90 mmHg or the presence of prescribed antihypertensive treatment. Diabetes mellitus was defined as fasting blood glucose levels of ≥ 6.1 mmol/L and/or a history of diabetes mellitus. BMI was calculated as the body weight (kg) divided by the square of height (m^2^).

Blood Sampling and Measurement of Lipids
----------------------------------------

Blood samples were taken in the morning after 12 h of fasting. Serum was separated within 1 h, and the samples used for EL, LPL, and HL concentration measurements were frozen at −80°C until analysis. Total cholesterol, total triglyceride, LDL-c, and HDL-c were measured enzymatically on a Hitachi 912 analyzer (Roche Diagnostics, Nghiem, Germany). Plasma glucose concentration was measured by the glucose oxidase method.

The serum EL concentration was measured using the EL-ELISA (enzyme linked immunosorbent assay) developed by Ishida *et al.*^[@bib20])^. Serum HL concentration was determined by HL-ELISA developed by Miyashita *et al.*^[@bib12])^. Serum LPL concentration was measured by LPL-ELISA described by Shirakawa *et al.*^[@bib21])^. All techniques used a monoclonal antibody-based sandwich ELISA from IBL (EL, NO.27182; HL, NO.27180; LPL, NO.27184). Each intra-assay and inter-assay CVs (coefficients of variability) were less than 5%, and specificity was 100%. Cross-reactivity with the other two lipases was less than 0.1%.

Statistical Analysis
--------------------

All statistical analysis was performed using SPSS18.0 or Medcalc statistical software. Data are reported as median ± interquartile (IQR) or mean ± standard deviation (SD) or proportions (%). Between-group comparisons were performed using Student\'s *t*-test or chi-squared test where appropriate. Multivariate logistic regression analysis was used to determine the independent risk factors for CAD or in-stent restenosis with odds ratios (OR) and 95% confidence intervals (CI). The receiver operating characteristic (ROC) curve analysis with area under the curve (AUC) was used to assess the predictive power of risk factors for CAD or in-stent restenosis^[@bib22])^. Combined AUC was based on the predicted probabilities using the multivariable model from the logistic regression analysis of the three lipases^[@bib23])^. A *P* value of less than 0.05 was considered significant.

Results
=======

Subject Characteristics of CAD
------------------------------

Baseline clinical characteristics for controls and CAD are shown in **[Table 1](#T1){ref-type="table"}**. Age, BMI, systolic blood pressure, diastolic blood pressure, and fasting blood glucose were significantly higher in patients with CAD than healthy controls. Considering the serum lipid concentrations, the total triglyceride, total cholesterol, and LDL-c concentrations were not significantly different between the two groups because of statin therapy. However, serum HDL-c concentration was significantly reduced in patients with CAD.

###### Baseline clinical characteristics for CAD

                               Controls (*n* = 65)   CAD (*n* = 86)   *P* value
  ---------------------------- --------------------- ---------------- -----------
  Male/Female                  44/21                 67/19            0.111
  Age (y)                      54.06 ± 11.48         60.44 ± 9.58     \< 0.001
  Hypertension, *n* (%)        /                     57 (66.28%)      /
  Diabetes mellitus, *n* (%)   /                     16 (18.60%)      /
  BMI (kg/m^2^)                23.01 ± 2.66          25.35 ± 2.81     \< 0.001
  SBP (mmHg)                   122.17 ± 16.48        138.64 ± 21.65   \< 0.001
  DBP (mmHg)                   75.31 ± 10.90         79.00 ± 9.80     0.033
  FBG (mmol/L)                 5.11 ± 0.81           5.72 ± 1.47      0.002
  TG (mmol/L)                  1.43 ± 0.81           1.55 ± 0.74      0.345
  TCH (mmol/L)                 4.47 ± 0.64           4.49 ± 0.94      0.883
  LDL-c (mmol/L)               2.58 ± 0.58           2.48 ± 0.89      0.398
  HDL-c (mmol/L)               1.39 ± 0.30           1.05 ± 0.32      \< 0.001
  Statins (%)                  /                     62 (72.09%)      /
  Atorvastatin                 /                     31 (36.05%)      /
  Pravastatin                  /                     24 (27.91%)      /
  Rosuvastatin                 /                     5 (5.81%)        /
  Simvastatin                  /                     2 (2.32%)        /

Statistical comparisons between the two groups were performed using Student\'s *t*-test and chi-squared test for gender. Values are means ± standard deviation (SD) or proportions (%). CAD, coronary artery disease; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fast blood glucose; TCH, total cholesterol; TG, total triglyceride; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol.

Serum EL and HL Concentrations were Significantly Increased in Patients with CAD
--------------------------------------------------------------------------------

Comparison of the three lipases between patients with CAD and controls is shown in **[Fig. 1](#F1){ref-type="fig"}**. Both serum EL and HL concentrations were significantly h igher in patients with CAD than controls (EL, 165.49 ± 74.35 pg/mL vs. 83.21 ± 42.55 pg/mL, *P* \< 0.001; HL, 75.31 ± 42.87 ng/mL vs. 42.87 ± 24.98 ng/mL, *P* \< 0.001, **[Fig. 1A](#F1){ref-type="fig"}** and **[1B](#F1){ref-type="fig"}**). However, serum LPL concentration was reduced significantly in patients with CAD (52.58 ± 19.44 ng/mL vs. 71.76 ± 22.90 ng/mL, *P* \< 0.001, **[Fig. 1C](#F1){ref-type="fig"}**). This suggests that serum EL and HL concentrations were both significantly increased, while serum LPL concentration was significantly decreased in the patients with CAD.

![Serum EL and HL concentrations were significantly increased in patients with CAD\
A, B, and C present the comparison of serum EL, HL, and LPL concentrations between controls and patients with CAD, respectively. Controls (*n* = 65) and CAD (*n* = 86). Data were median ± interquartile (IQR), Between-group comparisons were performed by Student\'s *t*-test; \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001.](jat-26-762-g001){#F1}

The Three Lipases were Simultaneous Independent Risk Factors for CAD
--------------------------------------------------------------------

To further study the relationship between the three lipases and CAD, we performed univariate and multivariate logistic regression analysis (**[Table 2](#T2){ref-type="table"}**). After adjusting for all other possible risk factors, serum EL, HL, and LPL concentrations were all independent risk factors simultaneously for CAD with an adjusted OR of 1.040 (95% CI: 1.017--1.063, *P* \< 0.05), 1.032 (95% CI: 1.007--1.058; *P* \< 0.05) and 0.936 (95% CI, 0.890--0.986; *P* \< 0.05), respectively. Therefore, the results of regression analysis indicated that the three lipases all played independent roles in CAD.

###### Univariate and Multivariate logistic regression analysis for CAD

  Risk factors     Univariate analysis   Multivariate analysis                                     
  ---------------- --------------------- ----------------------- ---------- ------- -------------- -------
  Gender           1.683                 0.813--3.485            0.161                             
  Age (y)          1.059                 1.025--1.094            \< 0.001   1.017   0.936--1.104   0.691
  BMI (kg/m^2^)    1.382                 1.199--1.593            \< 0.001   1.204   0.901--1.607   0.209
  SBP (mmHg)       1.049                 1.027--1.072            \< 0.001   1.180   1.062--1.312   0.002
  DBP (mmHg)       1.036                 1.003--1.070            0.033      0.871   0.769--0.987   0.030
  FBG (mmoL/L)     1.587                 1.143--2.203            0.006      1.130   0.530--2.409   0.753
  TG (mmoL/L)      1.234                 0.798--1.906            0.344                             
  TCH (mmoL/L)     1.029                 0.693--1.528            0.888                             
  LDL-c (mmoL/L)   0.84                  0.550--1.284            0.84                              
  HDL-c (mmoL/L)   0.039                 0.011--0.133            \< 0.001   0.053   0.003--1.037   0.053
  EL (pg/mL)       1.026                 1.017--1.036            \< 0.001   1.040   1.017--1.063   0.011
  HL (ng/mL)       1.028                 1.015--1.041            \< 0.001   1.032   1.007--1.058   0.012
  LPL (ng/mL)      0.956                 0.938--0.974            \< 0.001   0.936   0.890--0.986   0.014

OR: odds ratio, CI: confidence interval; (*n* = 151).

The multiple logistic regression model used in the analysis for the three lipases was adjusted for the following covariates: age, BMI, SBP, DBP, FBG and HDL-c. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fast blood glucose; TCH, total cholesterol; TG, total triglyceride; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol.

Combination of the Three Lipases Provided the Higher Predictive Power than HDL-c for CAD
----------------------------------------------------------------------------------------

We performed the ROC analysis to compare the predictive power of the three lipases and HDL-c for CAD. As shown in **[Fig. 2](#F2){ref-type="fig"}**, serum EL concentration showed the greater predictive power for CAD when compared with HDL-c, serum HL, or LPL concentrations (EL, AUC: 0.837, 95% CI: 0.763--0.896, *P* \< 0.001; HDL-c, AUC: 0.783, 95% CI: 0.702--0.851, *P* \< 0.001; HL, AUC: 0.720, 95% CI: 0.635--0.795, *P* \< 0.001; LPL, AUC: 0.753, 95% CI: 0.669--0.824, *P* \< 0.001). Importantly, combining the three lipases provided the best predictive power for CAD (three lipases, AUC: 0.893, 95% CI: 0.827--0.941, *P* \< 0.001). Thus, these data suggest that among the three lipases, serum EL concentration alone would be a better indicator than HDL-c for CAD, and combined serum EL, HL, and LPL concentrations as multiple risk factors could be more accurate to identify patients at risk for CAD.

![Combination of the three lipases provided the higher predictive power than HDL-c for CAD\
Receiver operating characteristic (ROC) curve was utilized to evaluate the predictive power of the three lipases and HDL-c for CAD. Empty triangles pertain to the combined three lipases together, which had the best predictive power (area under the curve (AUC) = 0.893, *P* \< 0.001). The dashed 45-degree line is the line of non-discrimination.](jat-26-762-g002){#F2}

Subject Characteristics for In-Stent Restenosis
-----------------------------------------------

**[Table 3](#T3){ref-type="table"}** indicates the demographic data from the 38 patients who underwent a one-year routine follow-up angiography at the Ruijin Hospital after PCI with drug-eluting stent implantation. In this study, 31 patients had hypertension, 15 patients had diabetes mellitus, and all patients were on statin therapy. The 38 patients composed of 28 patients without in-stent restenosis and 10 patients with in-stent restenosis based on the analysis of the angiogram. Age, BMI, total triglyceride, total cholesterol, LDL-c, and HDL-c concentrations were not significantly different between the two groups.

###### Baseline clinical characteristics for in-stent restenosis

                               All subjects (*n* = 38)   NO ISR (*n* = 28)   ISR (*n* = 10)   *P* value
  ---------------------------- ------------------------- ------------------- ---------------- -----------
  Male/Female                  28/10                     20/8                8/2              0.470
  Age (y)                      64.16 ± 8.64              63.68 ± 8.99        65.50 ± 7.86     0.574
  Hypertension, *n* (%)        31 (81.58%)               22 (78.57%)         9 (90%)          0.650
  Diabetes mellitus, *n* (%)   15 (39.47%)               10 (35.71%)         5 (50%)          0.473
  BMI (kg/m^2^)                25.01 ± 2.88              24.88 ± 2.55        25.37 ± 3.79     0.651
  TG (mmol/L)                  1.41 ± 0.63               1.36 ± 0.57         1.56 ± 0.79      0.393
  TCH (mmol/L)                 3.82 ± 1.08               3.70 ± 0.91         4.15 ± 1.48      0.268
  LDL-c (mmol/L)               2.16 ± 0.90               2.05 ± 0.77         2.46 ± 1.18      0.218
  HDL-c (mmol/L)               1.16 ± 0.25               1.17 ± 0.22         1.15 ± 0.34      0.862
  Statins (%)                  38 (100%)                 28 (100%)           10 (100%)        1
  Atorvastatin                 26 (68.42%)               20 (71.43%)         6 (60%)          0.694
  Pravastatin                  2 (5.26%)                 2 (7.14%)           /                /
  Rosuvastatin                 9 (23.68%)                5 (17.86%)          4 (40%)          0.205
  Simvastatin                  1 (2.63%)                 1 (3.57%)           /                /

Statistical comparisons between NO ISR (without in-stent restenosis) and ISR (with in-stent restenosis) were performed using Student\'s *t*-test and chi-squared test for categorical variables. Values are means ± standard deviation (SD) or proportions (%). BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fast blood glucose; TCH, total cholesterol; TG, total triglyceride; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol.

Serum EL and HL Concentrations were Significantly Increased in Patients with In-Stent Restenosis
------------------------------------------------------------------------------------------------

Both serum EL and HL concentrations were significantly increased in patients with in-stent restenosis compared to patients without in-stent restenosis (EL, 163.33 ± 52.59 pg/mL vs. 111.42 ± 60.52 pg/mL, *P* \< 0.05; HL, 87.21 ± 46.63 ng/mL vs. 52.24 ± 23.21 ng/mL, *P* \< 0.05, **[Fig. 3A](#F3){ref-type="fig"}** and **[3B](#F3){ref-type="fig"}**). However, serum LPL concentration was not significantly different between the two groups (69.82 ± 22.62 ng/mL vs. 63.88 ± 25.61 ng/mL, *P* = 0.33, **[Fig. 3C](#F3){ref-type="fig"}**). These results suggest that only the concentrations of EL and HL were significantly increased in patients with in-stent restenosis.

![Serum EL and HL concentrations were significantly increased in patients with instent restenosis\
A, B, and C present the comparison of serum EL, HL, and LPL concentrations between without and with in-stent restenosis, respectively. NO ISR (without in-stent restenosis, *n* = 28), ISR (with in-stent restenosis, *n* = 10). Data were median ± interquartile (IQR), Between-group comparisons were performed by Student\'s *t*-test; \**P* \< 0.05; NS, not significant.](jat-26-762-g003){#F3}

Serum EL Concentration was an Independent Risk Factor for In-Stent Restenosis
-----------------------------------------------------------------------------

To further investigate the relationship between the three lipases and in-stent restenosis, we performed univariate and multivariate logistic regression (**[Table 4](#T4){ref-type="table"}**). The result showed that only serum EL concentration remained as an independent risk factor for instent restenosis after adjusting for HDL-c, serum HL, and LPL concentrations, with an adjusted OR of 1.017 (95% CI: 1.000--1.034; *P* \< 0.05). Thus, the analysis indicated that among the three lipases, only serum EL concentration had an independent role in in-stent restenosis.

###### Univariate and Multivariate logistic regression analysis for in-stent restenosis

  Risk factors     Univariate analysis   Multivariate analysis                                  
  ---------------- --------------------- ----------------------- ------- ------- -------------- -------
  Gender           1.600                 0.277--9.235            0.599                          
  Age (y)          1.027                 0.939--1.123            0.564                          
  Hypertension     2.455                 0.258--23.395           0.435                          
  Diabetes         1.800                 0.418--7.757            0.430                          
  BMI (kg/m^2^)    1.063                 0.822--1.376            0.641                          
  TG (mmoL/L)      1.629                 0.538--4.935            0.388                          
  TCH (mmoL/L)     1.446                 0.752--2.782            0.269                          
  LDL-c (mmoL/L)   1.622                 0.745--3.533            0.223                          
  HDL-c (mmoL/L)   0.764                 0.041--14.176           0.857   0.250   0.006--9.626   0.457
  EL (pg/mL)       1.014                 1.001--1.027            0.035   1.017   1.000--1.034   0.049
  HL (ng/mL)       1.033                 1.002--1.065            0.036   1.040   0.994--1.089   0.089
  LPL (ng/mL)      1.010                 0.980--1.040            0.528   1.049   0.995--1.106   0.076

OR: odds ratio, CI: confidence interval; (*n* = 38).

The multiple logistic regression model used in the analysis for serum EL concentration was adjusted for HDL-c, serum HL and LPL concentrations. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fast blood glucose; TCH, total cholesterol; TG, total triglyceride; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol.

Serum EL and HL Concentrations Displayed the Higher Predictive Power than HDL-c for In-Stent Restenosis
-------------------------------------------------------------------------------------------------------

Considering serum HL and LPL concentration were not independent risk factors for in-stent restenosis, we evaluated the predictive power of serum EL, HL, and LPL concentrations alone for in-stent restenosis by ROC analysis. The ROC analysis suggested that the predictive power of EL (AUC: 0.765, 95% CI: 0.579--0.898, *P* \< 0.001) and HL (AUC: 0.682, 95% CI: 0.491--0.837, *P* \< 0.05) were better than that of HDL-c (AUC: 0.563, 95% CI: 0.374--0.740, *P* = 0.40, **[Fig. 4](#F4){ref-type="fig"}**) for in-stent restenosis. It suggested that serum EL and HL concentrations would be strong indicators for in-stent restenosis even when patients had normal HDL-c levels after the PCI.

![Serum EL concentration displayed the higher predictive power than HDL-c for in-stent restenosis\
Receiver operating characteristic (ROC) curve was utilized to evaluate the predictive power of the three lipases and HDL-c for in-stent restenosis. Empty squares present the EL alone, which had the best discrimination ability (area under curve (AUC) = 0.765, *P* \< 0.001). The dashed 45-degree line is the line of non-discrimination.](jat-26-762-g004){#F4}

Discussion
==========

Consistent with our original hypothesis, serum EL, HL, and LPL concentrations were simultaneous independent risk factors for CAD, and the combination of the three lipases as multiple risk factors could provide improved predictive power relative to HDL-c for CAD. We also found serum EL concentration to be an independent risk factor for in-stent restenosis, and serum EL and HL concentrations displayed a better predictive power than HDL-c for in-stent restenosis.

In our study, we found serum EL and HL concentrations were significantly increased while serum LPL concentration was significantly reduced in the patients with CAD, which is consistent with previous studies^[@bib12],\ [@bib14],\ [@bib20])^. Although these lipases are all triglyceride lipases, they were simultaneous independent risk factors for CAD by the multivariate analysis, which suggested that the three lipases play independent roles in the development of CAD. Further, serum EL concentration was the strongest risk factor among the three lipases, and it alone displayed a higher predictive power than HDL-c for CAD. These results suggest that serum EL would be a better indicator than HDL-c for CAD. Importantly, combining the three lipases could raise the AUC to reach up to 0.893 and was significantly higher than that of HDL-c alone or three lipases alone, which supports that CAD is a progressive disorder and its risk is best determined using multiple risk factors^[@bib17])^.

Despite PCI being a well-established and useful technique for CAD, various other factors reduce instent restenosis. Insulin resistance and inflammation are well-known major risk factors for restenosis^[@bib24]--[@bib26])^. Considering that EL, HL, and LPL were associated with insulin resistance or inflammation^[@bib27]--[@bib31])^, we investigated the relationship between the three lipases and restenosis. We found that only serum EL and HL concentrations were significantly increased in patients with in-stent restenosis. In addition, serum EL and HL concentrations displayed higher predictive power than HDL-c for patients with in-stent restenosis and serum EL concentration was an independent risk factor for these patients. These results suggest that serum EL would be a strong indicator for in-stent restenosis even if other risk factors especially HDL-c were at normal levels among patients who had routine follow-up angiography after PCI. We speculate that ROC and multiple logistic regression analysis suggest that the abilities of serum EL concentration to predict instent restenosis might be associated with inflammation other than HDL-c. Unfortunately, in the present study, our basic clinical characteristics did not include inflammation markers. Thus, these markers should be measured in future investigations to provide improved biochemical measurements and clinical utility for the prediction of in-stent restenosis. Of note, however, serum LPL concentration was not an independent risk factor for in-stent restenosis, which is inconsistent with a previous report^[@bib32])^. This effect could be due to one or both of the following: 1) the study by Takashi evaluated the relationship between LPL and bare metal stent restenosis rather than the drug-eluting stent, as observed in our study. 2) Instead of setting a cutting value for LPL to determine the independent risk factor of restenosis as they did, we set LPL as a continuous variable.

In addition, we also found high serum HL and low serum LPL concentrations were significantly associated with the severity of lesions in our preliminary study (**[Supplementary Fig. 1](#F5){ref-type="fig"}**). Furthermore, they were both independent determinants of coronary lesions with high *t*-values after adjusting other risk factors by multivariate linear regression analysis (**[Supplementary Table 1](#T5){ref-type="table"}**). It suggests that serum LPL and HL concentrations might be used to effectively distinguish the severity of lesions in the future. Moreover, a previous report has shown that K-877 (pemafibrite), as a novel selective PPAR*α* modulator (SPPARM*α*), substantially increases fasting LPL activity and attenuates hypertriglyceridemia. Combined with our report, these results suggest that patients with CAD may benefit from the novel drug^[@bib33])^.

![Serum LPL and HL concentrations were associated with the increasing number of coronary lesions\
The patients with CAD were divided into three groups according to the numbers of coronary lesions ((one branch lesion (*n* = 33), two branch lesions (*n* = 22), three branch lesions (*n* = 31)). A, B, and C present the concentrations of serum EL, HL, and LPL among one, two and three branch lesions, respectively. Data are median ± IQR; Among the three groups comparisons were performed by one-way ANOVA with LSD; \**P* \< 0.05, \*\**P* \< 0.01.](jat-26-762-g005){#F5}

###### Multiple regression analysis of number of lesions

                                Correlation coefficient   *t* value   *P* value
  ----------------------------- ------------------------- ----------- -----------
  Explanatory factor                                                  
      Gender                    0.181                     1.353       0.182
      AGE (years)               0.194                     1.450       0.153
      BMI (kg/m^2^)             0.060                     0.459       0.648
      SBP (mmHg)                0.070                     0.452       0.653
      DBP (mmHg)                0.012                     0.087       0.931
      FBP (mmol/L)              −0.013                    −0.022      0.983
      TG (mmol/L)               −0.061                    −0.344      0.732
      TCH (mmol/L)              0.506                     0.818       0.417
      HDL (mmol/L)              −0.132                    −0.613      0.542
      LDL (mmol/L)              −0.425                    −0.741      0.462
      EL (pg/mL)                −0.069                    −0.564      0.575
      HL (ng/mL)                0.391                     3.151       \< 0.01
      LPL (ng/mL)               −0.369                    −3.061      \< 0.01
                                                                      
  Subordinate factor                                                  
  number of lesions = 1, 2, 3                                         

R^2^ = 0.276, F value = 2.17, *P* \< 0.05, (*n* = 86);

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fast blood glucose; TCH, total cholesterol; TG, total triglyceride; LDL-c, lowdensity lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol.

Given that EL, HL, and LPL were all triglyceride lipases, we compared the correlations among the three lipases to one another (data not being shown). Because heparinization is not standardized and may affect lipoprotein metabolism^[@bib12],\ [@bib18])^. we chose to detect the concentrations of lipases in the serum. It has been reported that heparin administration is not always necessary for EL concentration^[@bib20])^. Recent studies have shown the importance of measuring LPL or HL concentration in serum without heparin administration^[@bib12],\ [@bib34])^. We found serum EL concentration had a significant negative correlation with serum LPL concentration in patients with CAD or in-stent restenosis. However, the mechanism needs to be further elucidated in the future. In contrast, serum HL concentration was not correlated with serum EL or LPL concentrations. It was slightly different from the previous study in which they found a weak but significant, positive correlation between post-heparin plasma (PHP) EL and HL in obese men^[@bib35])^. This finding suggested that serum concentrations of EL and HL play different roles from those in plasma. On the other hand, it suggests that the clinical significance of these lipases in the serum is very critical because serum concentrations may reflect the physiological role in the whole body more precisely than their presence in PHP.

In our study, we also performed a correlation analysis of the three lipases and plasma lipoprotein levels. However, the results showed that there were no significant correlations in patients with CAD or restenosis. This lack of association in our study is likely due to the fact that statin therapy controls plasma lipoprotein levels in patients. It could also suggest there is another mechanism besides lipid metabolism for lipases to modulate atherosclerosis. Plasma EL concentration was shown to be associated with inflammation^[@bib27],\ [@bib28])^. Some studies showed that HL was associated with insulin resistance and inflammation^[@bib29],\ [@bib36])^, and LPL was significantly associated with insulin resistance, adiponectin, and inflammation^[@bib30],\ [@bib37],\ [@bib38])^. Therefore, in our study, we like to propose that triglyceride lipases affecting CAD or in-stent restenosis could work through other mechanisms such as inflammation. However, the precise mechanism needs further elucidation.

This investigation has some limitations. Most of our patients with CAD were on atorvastatin or rosuvastatin- therapy, and this could have influenced the results. In addition, we compared the parameters between CAD patients without statin therapy and the controls without statin therapy. The results still showed that serum HDL-c and LPL concentrations were significantly reduced, and serum EL and HL concentrations were significantly increased in CAD patients. However, the effect of these statins on the concentrations of these lipases in CAD patients cannot be neglected. Some reports indicated that these statins did not significantly affect the concentrations of these lipases^[@bib39],\ [@bib40])^, while other reports indicated that they impacted these lipases effectively in patients with hypercholesterolemia^[@bib41]--[@bib44])^. It is also worth noting that our sample size is relatively small, especially for the sample of patients with in-stent restenosis. Finally, this investigation was retrospective, which limited our ability to infer a causal relationship between the three lipases and CAD. Despite these limitations, our data indicate that serum EL concentration would be a better indicator than HDL-c for CAD and in-stent restenosis. Furthermore, combining the three lipases provided a significantly higher predictive power than HDL-c or each lipase alone for CAD.

Conclusions
===========

Serum EL, HL, and LPL concentrations were all simultaneously independent risk factor s for CAD, and only serum EL concentration was an independent risk factor for in-stent restenosis. Crucially, the combination of the three lipases as multiple risk factors provided strong predictive power for CAD and made it possible to identify populations at high risk, thus providing effective interventions earlier than was previously feasible.
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